Previous studies have shown that the muscle protein degradation rates of broiler are lower than those of layer chickens. In this study, we assessed proteolyticrelated gene expression in the pectoralis muscle of layer and broiler chickens. The mRNA levels of atrogin-1/ MAFbx and proteasome C2 subunit, but not those of ubiquitin, m-calpain large subunit, cathepsin B, or caspase-3, were lower in the skeletal muscle of the broilers than in the layers at 7 and 14 d of age. We infer that the lower muscle protein degradation of broilers than of layers at least partly relates to lower mRNA expression of atrogin-1/MAFbx and proteasome C2 subunit in the skeletal muscle of broilers.
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Broiler chickens have been selected for rapid growth and large muscle mass, while layer chickens have been selected for egg production. The growth rates of broilers are considerably faster than those of layers. Further, the muscle protein degradation rates of broilers are lower in those of layers. [1] [2] [3] [4] This lower muscle protein degradation might play a pivotal role in causing the large differences in growth rates of broilers and layers. It is likely that the differences between layers and broilers in muscle protein degradation rates are related to the expression of proteolytic-related genes in the muscles. Here, we compared the expression of proteolytic-related genes in the skeletal muscles of broiler and layer chicks.
Layer and broiler chicks (1 d-old, male) from commercial hatcheries were individually housed in a continuously lighted room in wire-floored cages and allowed access to food (commercial starter diet, Shimizukou Feed, Shizuoka, Japan) and water ad libitum. Half of the chicks were reared until 7 d of age and the rest were reared until 14 d of age. At ages 7 and 14 d, the animals were weighed and sacrificed, and the pectoralis muscle samples were obtained. All of the experimental procedures were in accordance with the guidelines of the Animal Care and Use Committee of the National Institute of Livestock and Grassland Science of Japan.
Pectoralis muscle was rapidly excised, frozen in liquid nitrogen, and stored at À80 C. Total RNA was extracted from the muscle tissue using the TRIzol reagent (Invitrogen Life Technologies, Carlsbad, CA) according to the manufacturer's directions. Complementary DNA was synthesized from 1 ng to 1,000 ng of total RNA using random hexamer primers (TaKaRa, Tokyo) and ReverTra Ace (TOYOBO, Tokyo). Real-time PCR primers were designed (software Primer3, http: //www.broad.mit.edu/cgi-bin/primer/primer3 www.cgi) for chicken ubiquitin, chicken atrogin-1/MAFbx, chicken proteasome C2 subunit, chicken m-calpain large subunit, chicken cathepsin B, chicken caspase-3, and chicken glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The sequences of the forward primers and reverse primers were as follows: chicken ubiquitin, 0 -CCT CTC TGG CAA AGT CCA AG-3 0 -5 0 -CAT CTG CCC ATT TGA TGT TG-3 (K01458). The levels of mRNA were measured by real-time PCR using a LightCycler instrument (Roche Diagnostics, Mannheim, Germany) and the QuantiTect SYBR Green PCR system (Qiagen, Tokyo). The expression of GAPDH was measured as an internal control.
Data were analyzed by Student's t-test. A p value of <0:05 was considered statistically significant. Results were expressed as means AE standard deviation (SD).
In the present study, we compared proteolytic-related gene expression in the pectoralis muscle of layer and broiler chickens. Broiler chickens have been selectively bred to yield more meat and to enhance their rates of weight gain, which has consequently increased their muscle (especially breast muscle) to body weight ratio, relative to layer chickens. As shown in Fig. 1 , the body weight (A) and pectoralis muscle weight (B) were significantly greater in broilers than in layers at 7 and 14 d of age. Protein accumulation in growing muscles reflects the balance between synthesis and degradation. Accordingly, the fractional rates of protein synthesis are greater in broiler chickens than in layer chickens. 5, 6) However, the overall rates of protein synthesis in the two strains are not significantly different.
2) In contrast, significantly lower in the fast-growing chickens than in the slow-growing chickens. 7) Proteins can be degraded by the ATP-dependent ubiquitin-proteasome system, 8) an essential pathway of accelerated proteolysis that has been studied in various animal models of muscle wasting. 9) Studies with animals have consistently demonstrated that protein degradation by the ubiquitin-proteasome system is increased in muscles undergoing atrophy. [10] [11] [12] In this system, proteins destined for degradation are linked to a chain of ubiquitin molecules, which marks them for rapid breakdown by the proteasome. 13) Previous studies have suggested that the atrogin-1/MAFbx, E3 ubiquitin ligase, plays a pivotal role in muscle atrophy. 14) Atrogin-1/MAFbx is expressed only in skeletal muscle and is activated via exposure to catabolic conditions that result in muscle atrophy. 10, 11, 14) Expression of ubiquitin (A), atrogin-1/MAFbx (B), and proteasome C2 subunit (C) in the skeletal muscles of layer and broiler chickens is shown in Fig. 2 . Ubiquitin expression did not differ at 7 or 14 d of age. However, expression of atrogin-1/ MAFbx and the proteasome C2 subunit was lower in broilers than in layers at 7 and 14 d of age. Consistently with our finding, Harper et al. 15) reported that the difference in growth rates of layer and broiler chickens is not related to the extent of ubiquitin or ubiquitin conjugation. No information is available on the genetic differences between layers and broilers with the regard to the expression of ubiquitin ligase or the proteasome subunit. In addition, we compared the expression of atrogin-1/MAFbx (an ubiquitin ligase) and the proteasome C2 subunit in the muscles of layers and broilers. Our results showed that atrogin-1/MAFbx and proteasome C2 subunit mRNA expression was significantly lower in broilers than in layers. The present study is the first to demonstrate the importance of ubiquitin ligase and proteasome subunit expression with regard to differences in muscle protein degradation between layers and broilers. Sacheck et al. 16) reported that suppression of atrogin-1/MAFbx expression inhibits muscle proteolysis, resulting in an increase in muscle growth in C2C12 myotubes. Our result supports theirs. In broilers, expression of atrogin-1/MAFbx of skeletal muscle at 14 d of age was lower than at 7 d of age. We also observed that expression of atrogin-1/MAFbx of skeletal muscle decreased during the growth of broiler chickens (unpublished observation).
Intracellular proteolytic processes found in skeletal muscle involve various proteases, such as lysosomal acidic cathepsins, 17) Ca 2þ -dependent calpains, 18) and apoptotic caspases. 19) Figure 2 also illustrates mRNA expression of the m-calpain large subunit (D), cathepsin B (E), and caspase-3 (F) in the skeletal muscles of layer and broiler chickens. There were no differences in the mRNA expression of these genes in skeletal muscle at 7 and 14 d of age. The activities of cathepsins B, D, and H are known to be similar in the muscles of layer and broiler chickens. 20) In contrast, there is less calpain activity and more calpastatin activity in the skeletal muscles of broiler chickens than layer chickens. 21) The mechanisms controlling muscle protein degradation in other species remain unclear, and the relative importance of alternative pathways involving ubiquitin-conjugation, the calpain system, and the lysosomal mechanism are unknown. Caspase-3 has been identified in birds, 22) but no comparison of enzyme activity or expression with regard to age or strains has been reported. In the present study, we did not observe any differences in the expression of calpain, cathepsin, or caspase mRNA between layers and broilers.
In conclusion, our findings indicate that the expression of atrogin-1/MAFbx and the proteasome C2 subunit in skeletal muscle was lower in broilers than in layers, reducing muscle protein degradation in the broiler chickens. These results indicate that the ubiquitin-proteasome pathway differs between the two strains of chicken and might contribute to the differences in muscle protein degradation between broiler and layer chickens.
